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Abstract. We review our pre-HC predictions of the total, elastic, total-inelastic, anifrdctive
components of proton-proton cross sections at high ergrgipressed in the form of unitarized
expressions based on a special parton-model approachfitactidn employing inclusive proton
parton distribution functions anglcb color factors and compare with recemc results.
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1. INTRODUCTION

Measurements at theic have shown that there are sizable disagreements among Monte
Carlo (vc) implementations of “soft” processes based on cross secpooposed by
various physics models, and that it is not possible to rsliplkedict all such processes,
or even all aspects of a given process, using a single moglelnthe cDF studies
of diffraction at the Tevatron, all processes are well meddly themBrR (Minimum
Bias Rockefeller)mc simulation, which is a stand-alone simulation based on tauni
rized Regge-theory modetENORM [2], employing inclusive nucleon parton distribu-
tion functions eDFs) andQcD color factors. Th&RkENORM model was updated iIBDS-
2009 to include a unique unitarization prescription fordicéng the totalpp cross
section at high energies [3], and has recently been incladexhmBR option for sim-
ulating diffractive processes #IyTHIA8, as of versioPYTHIA8.165 [4], to be referred
here-forth a®YTHIA8-MBR. In this paper, we briefly review the cross sections [5] im-
plemented in this option agfyTHIA8 and compare them wittHC measurements.

ThePYTHIA8-MBR option includes a full simulation of the hadronization o tim-
plemented diffraction dissociation processes: singleptly and central dissociation.
In the originalMBR simulation used ircDF, the hadronization of the final state(s) was
based on a data-driven phenomenological model of multiiggcandp; distributions
calibrated using BpS and Fermilab fixed-target results. Later, the model wasesse
fully tested against Tevatrams and diffraction data. However, oniy™ andr® particles
were produced in the final state, with multiplicities obeyanstatistical model of a mod-
ified Gamma distribution that provided good fits to experitaédata [6]. This model
could not be used to predict specific-particle final states.

In the PYTHIA8-MBR implementation, hadronization is performed by PYTHIAS
tuned to reproduce final-state distributions in agreemdhtmMBR’s, with hadronization
done in the PYTHIAS8 framework. Thus, all final-state pad&lre now automatically
produced, greatly enhancing the horizon of applicabilftthcs simulation.



2. CROSSSECTIONS

The following diffraction dissociation processes are édered iNPYTHIA8-MBR:

SD pp— Xp Single Diffraction(or Single Dissociatiop (1)
or pp— pY (the other proton survivgs
DD pp— XY Double Diffraction(or Double Dissociatiop (2)

cD (orbPg) pp— pXp Central Diffraction(or Double Pomeron Exchange(3)

The RENORM predictions are expressed as unitarized Regge-theoryufasmin
which the unitarization is achieved by a renormalizationesse where the Pomeron
(IP) flux is interpreted as the probability for forming a difftae (non-exponentially
suppressed) rapidity gap and thereby its integral overtakp space saturates when
it reaches unity. Differential cross sections are expikasdéerms of theP-trajectory,
a(t)=1+¢&+a't=1.104+0.25 (GeV?)-t, thelP-p coupling,B(t), and the ratio of
the tripledP to the IP-p couplings,k = g(t)/B(0). For large rapidity gapsyy < 3, for
which IP-exchange dominates, the cross sections may be written as,
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wheret is the 4-momentum-transfer squared at the proton vefigxhe rapidity-gap
width, andyg the center of the rapidity gap. In Eq. (6), the subsadriptl, 2 enumerates
Pomerons in the@PE event,Ay = Ay, + Ays is the total rapidity-gap (sum of two gaps)
in the event, ang is the center im of the centrally-produced hadronic system.

The total cross sectiomyy) is expressed as:

0l P = 16791041 6081503231685 0% for \/5< 1.8 TeV, (7)
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wheresy andsg are energy and (Pomeron flux) saturation scales, resplyciidje For

/s < 1.8 TeV, where there are Reggeon contributions, we use thealfitbexpres-
sion [7], while for,/s > 1.8 TeV, where Reggeon contributions are negligible, we em-
ploy the Froissart-Martin formula [8, 9, 10]. The two exmi®ss are smoothly matched

at\/s> 1.8 TeV.

The elastic cross section is obtained from the global fit §r]\f's < 1.8 TeV, while
for 1.8 < /s< 50 TeV we use an extrapolation of the global-fit ratiogaf/ giot, which
is slowly varying with,/s, multiplied by aio:. The total non-diffractive cross section is

then calculated asnp = (Oiot — Tel) — (20sp+ Opp + OcD)-



3. RESULTS

In this section, we present as examples of the predictiveepofvtheRENORM model
some results reported at this conference byaihhee andTOTEM collaborations foipp
collisions at 7 TeV that can be directly compared withnORM formulas without the
use of therYTHIA8-MBR Monte Carlo simulation. Figure (left) shows a comparison
of the TOTEM total, elastic, and total-inelastic cross sections, alaith results from
other experiments, fitted by tlmoMPETE collaboration [11]; the&RENORM predictions,
entered as filled squares, are in excellent agreement vathainem results. Similarly,
in Fig. 1(right), excellent agreement is observed betweemthek total-inelastic cross
sections at/s=0.9, 2.76 and 7 TeV ankENORM (Goulianos) predictions [12].
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FIGURE 1. (left) TOoTEM measurements of the total, the total-inelastic, and elggiicross sections
at/s= 7 TeV shown with bestcompETEfits [11]; RENORM predictions were added as filled squares.
(right) ALicE measurements [12] of the total inelastic cross sectig/sat 0.9, 2.76 and 7 TeV compared
to theoretical predictions. Excellent agreement withrRE&lORM (Goulianos) predictions is observed.

Another example of the (absolute) predictive powerRBNORM is shown in Fig. 2.
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FIGURE 2. ALICE measured single- and double-diffractive cross sectiongawed to various theoret-
ical models, includin)ReENORM (from Ref. [12]; curve definitions and colors same as in Fig.@ood
agreement between data aReINORM predictions is observed within the experimental uncetitsn



4. SUMMARY

We reviewed our preHc predictions for the total, elastic, total-inelastic, anfirdc-
tive components of proton-proton cross sections at highgeese which are based on a
special unitarized parton-model approach to diffractioploying inclusive proton par-
ton distribution functions anqgcb color factors. We discussed single diffraction, double
diffraction and central diffraction or double-Pomeron leage, and compared predic-
tions of the model with HC measurements.
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